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Abstract: MicroRNA-363-3p (miR-363-3p) reportedly plays crucial roles in tumor development and progression in 
many types of cancers. However, its role in papillary thyroid carcinoma (PTC) remain largely unclear. We therefore 
investigated the function and underlying mechanism of miR-363-3p in PTC. Here, we found that miR-363-3p was 
significantly downregulated in human PTC tissue samples and cell lines, and that miR-363-3p levels are negatively 
correlated with advanced clinical stage and lymph node metastasis. In addition to suppressing tumor growth in 
vivo, restoration of miR-363-3p in TPC-1 cells significantly inhibits proliferation, migration, and invasion and in-
duced apoptosis in vitro. Mechanistically, miR-363-3p was verified to directly bind to 3’UTR of the phosphoinositide-
3-kinase catalytic subunit alpha (PIK3CA) mRNA, and reduce its expression at both mRNA and protein levels, which 
further inhibits phosphatidylinositol 3-kinase/Akt signaling pathway. PIK3CA expression was also found to be in-
creased in human PTC tissues, and were inversely correlated with miR-363-3p. Furthermore, restoration of PIK3CA 
partially rescued the miR-363-3p-induced inhibition effect on TPC-1 cell proliferation, migration and invasion. Taken 
together, these findings indicated for the first time that miR-363-3p functions as a tumor suppressor in PTC, and its 
suppressive effect is mediated by repressing PIK3CA.
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Introduction

Papillary thyroid carcinoma (PTC) is the most 
common type of thyroid malignant tumor, 
accounting for approximately 90% of all thyroid 
cancers, and is one of the most rapidly growing 
in many countries over the last several decades 
[1]. In most cases, patients with PTC have an 
excellent prognosis after surgical resection 
combined with radioiodine and levothyroxine 
treatment, however, 10-15% of patients with 
PTC with relapses and distant metastases fre-
quently have a poor response to standard treat-
ments and have poor clinical outcome [2]. 
Therefore, there exists an urgent need to under-
stand of the molecular mechanisms underlying 
carcinogenesis and progression in PTC, which 
contribute to finding novel diagnosis markers 
and novel therapeutic targets.

MicroRNAs (miRNAs), a class of endogenous, 
small (19-25 nucleotides), non-protein-coding 

RNAs, can posttranscriptionally modulate gene 
expression by binding to complementary 
sequences at the 3’-untranslated regions (3’-
UTRs) of their target mRNAs, leading to target 
mRNAs degradation and/or translational inhibi-
tion [3]. MiRNAs has been shown to play a criti-
cal role in various biological processes, such as 
proliferation, migration, invasion, and tumori-
genesis [4, 5]. Several studies suggest that 
alterations in miRNA expression were involved 
in PTC development and progression, and they 
could potentially act as oncogenes or tumor 
suppressors in PTC [6, 7]. 

Recently, the role of miR-363-3p in carcinogen-
esis and cancer treatment has been widely 
focused in many types of cancers, such as gall-
bladder cancer [8], colorectal cancer [9], hepa-
tocellular carcinoma [10], gastric cancer [11], 
head and neck cancer [12], and breast cancer 
[13]. Despite a study showed that miR-363-3p 
expression was downregulated in PTC tissues 
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using gene expression profiles in 499 PTC  
samples and 58 normal thyroid tissues [14],  
its role in PTC remain largely unclear. We there-
fore investigated the function and underlying 
mechanism of miR-363-3p in PTC in the pres-
ent work.

Materials and methods

Tissue samples and cell lines

Thirty tissue samples pairs, each comprising 
PTC and matched adjacent normal tissue, were 
collected from patients having undergone sur-
gery at the First Hospital of Jilin University 
(Changchun, China) between June, 2014 and 
June, 2015. All samples were immediately fro-
zen in liquid nitrogen following surgery, and 
stored at -80°C until RNA extraction. All diag- 
noses were based on pathological and/or  
cytological evidence. Informed consent was 
obtained before using samples in all cases. The 
study protocol was approved by the Medical 
Ethics Committee of the First Hospital, Jilin 
University.

Human PTC cell lines (TPC-1, BCPAP, K1) and 
the human thyroid epithelial cell line Nthy-
ori3-1 were obtained from the Cell Bank of the 
Chinese Academy of Sciences (Shanghai, 
China). All cells were grown in Dulbecco’s  
modified Eagle’s medium (DMEM; Gibco, 
Carlsbad, CA, USA) containing 10% fetal bovine 
serum (FBS; HyClone, Logan, UT, USA), and 100 
U/ml penicillin or 100 mg/ml streptomycin at 
37°C in humidified air with 5% CO2.

RNA isolation and quantitative real-time PCR 
(qRT-PCR) analysis

Total RNA was extracted from tissues and cells 
using Trizol reagent (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer’s instruc-
tions. MiRNAs were reverse-transcribed using 
the TaqMan MiRNA Reverse Transcript Kit 
(Applied Biosystems, Foster City, CA, USA) and 
quantified by using SYBR Premix Ex TaqTM 
(TaKaRa, Dalian, Chian) under ABI 7500 Fast 
Sequence Detection System (Applied Bio- 
systems Prism) using primers for miR-363-3p 
and U6 (Applied Biosystems). The human 
PIK3CA cDNA were reverse-transcribed using 
PrimeScriptTM RT-PCR Kit (TaKaRa), and quan- 
tified using SYBR Premix Ex TaqTM (TaKaRa) 
under ABI 7500 Fast Sequence Detection 

System. The primes of PIK3CA and β-actin used 
in this study were described previously [15]. 
The relative expression of miR-363-3p and 
PIK3CA was normalized using the 2-ΔΔCT method 
relative to U6 or β-actin, respectively.

Cell transfection

An miR-363-3p mimic and a corresponding 
negative control (miR-NC) were purchased from 
GenePharma Co., Ltd. (Shanghai, China). The 
PIK3CA overexpression plasmid (pCDNA3.1-
PIK3CA) were a gift from Dr Jun Zhang (Jilin 
University). Mimic or plasmids were transfected 
into cells using Lipofectamine 2000 (Invitrogen) 
following the manufacturer’s instruction. At 24 
h posttransfection, cells were harvested and 
subjected o gene expression analysis and cell 
proliferation, cycle, migration and invasion 
assays.

Cell proliferation assay

Cells were seeded at 5000 cells per well in 
96-well plates (5000 cells per well) at 24 h 
after transfection. Cell proliferation was mea-
sured using the Cell Counting Kit-8 (CCK-8, 
Dojindo, Kumamoto, Japan) at 24, 48, and 72 h 
after the cells were seeded. Absorbance was 
determined at 450 nm using a microplate spec-
trophotometer (Thermo Labsystems, Vantaa, 
Finland).

Cell cycle analysis 

The cell cycle distribution was determined 
using a fluorescence-activated cell sorting 
(FACS) flow cytometer (FACSCalibur, Becton 
Dickinson). Briefly, cells were harvested at 48 h 
after transfection. The cells were digested and 
subsequently fixed in 70% ethanol at 4°C over-
night. Then fixed cells were stained with 50 μg/
mL propidium iodide (BD Biosciences) at room 
temperature for 30 min in the dark. The cell 
cycle distribution were analyzed by with a FACS 
Calibur system (BD Biosciences) and ModFit 
3.0 software (BD Biosciences).

Cell migration and invasion assays

Cell migration was evaluated using a wound 
healing assay. In brief, transfected cells were 
cultured in six-well plates (5×104 cells per well). 
At 90-95% confluence, the monolayer of cells 
was scratched with using a sterile plastic micro-
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pipette tip, and then cell were cultured under 
standard conditions for 24 h. Following several 
washes, recovery of the wound was observed 
and photographed using an X71 inverted micro-
scope (Olympus, Tokyo, Japan). 

The transwell invasion assay was performed to 
determine cell invasion. 1×105 transfected 
cells were seeded into the upper chamber of 
Matrigel-coated inserts with free-serum medi-
um. Medium with 10% FBS was added to the 
lower chamber as chemoattractant. The cells 
were allowed to invade for 48 h at 37°C with 5% 
CO2. Then cells invaded to the lower surface of 
filter were fixed in 70% ethanol for 30 min and 
stained with 0.1% crystal violet for 10 min. The 
number of cells that migrated to the lower side 
was counted in five randomly selected fields 

under an X71 inverted microscope (Olympus, 
Tokyo, Japan). 

Dual luciferase report assay

The wild-type (Wt) and mutant (Mut) 3’-untran-
scriptional region (3’-UTR) of PIK3CA were 
designed and prepared by GenePharma Co., 
Ltd, and were cloned into the pMIR-Report plas-
mid (Ambion, Austin, TX, USA) at the Spe I and 
Mlu I site, referred to Wt-PIK3CA and Mut-
PIK3CA. For the luciferase assay, 1×105 TPC-1 
cells were plated and cultured in 12-well plates 
to reach ~70% confluency. Cells were co-trans-
fected with miR-363-3p mimic or miR-NC  
and Wt/Mut PIK3CA-3’-UTR reporter plasmid. 
Luciferase assays were performed 48 h post-
transfection using a using a dual luciferase 
reporter gene assay kit (BioVision, Milpitas, CA, 
USA). Renilla luciferase activity was normalized 
to firefly luciferase activity.

Western blot

Cells or tissues lysed in RIPA lysis buffer 
(Beyotime, Shanghai, China) for 30 min on ice. 
After centrifugation at 12000 g, 4°C for 10 
min, the supernatants were harvested and the 
protein concentration was quantified using a 
BCA protein assay kit (Thermo Scientific, 
Rockford, IL, USA). A volume of the extract 
equivalent to 100 mg of total protein was sepa-
rated on a 10% using SDS-PAGE, followed  
by transfer to a PVDF membrane (Millipore, 
Billerica Ma, USA) for immunoblotting. The 
membranes were blocked in 5% non-fat milk 
diluted in TBST and incubated with the indicat-
ed primary antibody: Anti-PIK3CA (1:1000, 
Abcam, Shanghai, China), anti-AKT (1:1000, 
Cell Signaling, Danvers, MA, USA), anti-p-AKT 
(1:1000, Cell Signaling), anti-PI3K (1:2000, Cell 
Signaling), anti-p-PI3K (1:1000, Cell Signaling) 
and anti-β-actin (1:3000, Cell Signaling, which 
was used as the internal reference. After incu-
bation with the appropriate horseradish peroxi-
dase (HRP)-conjugated secondary antibody for 
2 h at room temperature, proteins were detect-
ed using a ChemiDoc XRS imaging system  
and Quantity One analysis software (Bio-Rad 
Laboratories, San Francisco, CA, USA).

In vivo tumorigenicity

Animal studies were approved by the In- 
stitutional Animal Care and Use Committees  

Figure 1. The levels of miR-363-3p expression are 
downregulated in PTC tissues and cell lines. A. The 
relative expression of miR-363-3p in 30 human PTC 
tissues and adjacent normal tissues was measured 
by qRT-PCR; B. The relative expression of miR-363-
3p in PTC lines (TPC-1, BCPAP, K1) and the human 
thyroid epithelial cell line Nthy-ori3-1 was measured 
by qRT-PCR. *P<0.05, **P<0.01.
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of Jilin University. TPC-1 cells stably trans-
formed with miR-363-3p or negative control 
miRNA (miR-NC, 2×106 cells per mouse) were 
inoculated subcutaneously into the flanks of 
5-week-old, female nude mice (Laboratory 
Animal Research Center of Jilin University, 
Changchun, China). Each experimental group 
included 5 mice. Tumor volume was measured 
using a caliper every seven days for 35 days, 
and calculated by the formula: V=1/2× Length 
× Width2 (V, volume; L, length; W, width of 
tumor). Tumor growth curves were plotted. At 
35 days after implantation, mice were sacri-
ficed, and tumor weights were assessed. Tumor 
tissues were snap-frozen in liquid nitrogen 
immediately and stored at -80°C for detection 
miR-363-3p and PIK3CA expression.

Statistical analysis 

Quantitative data were analyzed using SPSS 
version 19.0 (IBM, USA) and expressed as  
the mean ± SD (standard deviation) from at 
least three times independently experiment. 
Significant differences between groups were 
compared using ANOVAs or two-tailed t-tests. 
The correlations between miR-363-3p expres-
sion levels and PIK3CA mRNA levels were  
analyzed using Spearman’s rank test. The data 
were considered significant if the P value  
was <0.05 (indicated by*), <0.01 (indicated 
by**).

Results

MiR-363-3p is downregulated in PTC 
tissues and cell lines

First, we determined the expression 
patterns of miR-363-3p in 30 PTC 
specimens and adjacent normal tis-
sues. The results of qPCR showed 
that miR-363-3p levels were signifi-
cantly decreased in PTC tissues com-
pared to adjacent normal tissues 
(Figure 1A). To further investigate the 
clinicopathological significance of 
miR-363-3p level in patients with 
PTC, 30 patients were divided into 2 
subgroups based on mean (0.381)  
of all thyroid cancer samples: Low 
miR-363-3p group (<0.381, 17 ca- 
ses) and a high miR-363-3p group 
(>0.381, 13 cases). As shown in 
Table 1, miR-363-3p levels in PTC  
tissues were negatively correlated 

Table 1. Correlation between clinicopathological features 
and miR-363-3p expression in 30 patients with PTC

Variables No. of 
cases

miR-363-3p expression
P value 

Low (n %) High (n %)
Age (years) P>0.05
    <60 14 8 (57.1) 6 (42.9)
    ≥60 16 9 (56.3) 7 (43.7)
Gender P>0.05
    Male 12 7 (58.3) 5 (41.7)
    Female 18 10 (55.5) 8 (44.5)
TNM stage P<0.01
    I-II 21 9 (42.9) 12 (57.1)
    III-IV 9 8 (88.9) 1 (11.1)
Tumor size P>0.05
    <5 cm 19 10 (52.6) 9 (47.4)
    ≥5 cm 11 7 (63.6) 4 (36.4)
Lymph node metastasis P<0.01
    No 20 8 (40.0) 12 (60.0)
    Yes 10 9 (90.0) 1 (10.0)

with advanced clinical stages and lymph node 
metastasis, but not with age, gender, or tumor 
size. Consistently, miR-363-3p expression was 
also decreased in PTC cell lines (TPC-1, BCPAP, 
K1) compared with the human thyroid epithelial 
cell line Nthy-ori3-1 (Figure 1B). MiR-363-3p 
expression was lowest in TPC-1 cells among 
PTC cell lines (Figure 1B); Therefore, this line 
was used for subsequent experiments.

MiR-363-3p overexpression suppresses the 
proliferation of PTC cells

To determine whether miR-363-3p regulates 
PTC proliferation, we ectopically expressed 
miR-363-3p in the TPC-1 cells by transfecting 
cells with miR-363-3p mimic and then exam-
ined the effects of miR-363-3p on cell pro- 
liferation using CCK8 assay. The efficient over-
expression of miR-363-3p in TPC-1 cells is 
shown in Figure 2A. The results of the CCK8 
assay demonstrated that the upregulation of 
miR-363-3p significantly suppresses the prolif-
eration of TPC-1 cells (Figure 2B). To further 
investigate the mechanism through which  
miR-363-3p inhibits cell proliferation, we deter-
mined the effects of miR-363-3p on cell cycle 
distribution. Flow cytometry assay showed  
that TPC-1 cells transfected with miR-363-3p 
mimic showed a promotion of cells in the G0/
G1 stage, whereas the numbers of cells in the  
S phases decreased (Figure 2C), which sug-
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gested that miR-363-3p inhibits cell prolifera-
tion by regulating cell cycle.

MiR-363-3p overexpression suppresses the 
migration and invasion of PTC cells

To further assess the effects of miR-363-3p on 
metastasis in vitro, cell migration and invasion 
were determined in TPC-1 cells tranfected with 
miR-363-3p or miR-NC. Wound healing assay 
showed that overexpression of miR-363-3p 
decreased cell motility (Figure 3A). Meanwhile, 
transwell invasion assay showed that miR- 
363-3p overexpression suppressed cell inva-
sion (Figure 3B). These result suggested that 
miR-363-3p inhibited metastasis of PTC cells.

PIK3CA is a target gene of miR-363-3p

To explore the molecular mechanism by which 
miR-363-3p inhibit progression, three com- 
putational algorithms including TargetScan, 

miRanda and PicTar were used in combination 
to search for potential targets of miR-363-3p. 
Among the candidates, phosphoinositide-3- 
kinase catalytic subunit alpha (PIK3CA), a pro-
oncogene gene that is frequently upregulated 
in various cancers, was predicted to be a miR-
363-3p target by all three of the algorithms  
and was selected for further experimental veri-
fication. The predicted interaction between 
miR-363-3p and the target site in the PIK3CA 
3’-UTR is illustrated in Figure 4A. To explore 
whether miR-363-3p targets PIK3CA by binding 
to its 3’-UTR region, a dual-luciferase reporter 
assay was performed and miR-363-3p overex-
pression was shown to significantly decrease 
the luciferase activity of Wt-PIK3CA-3’UTR in 
TPC-1 cells, while it failed to repress the Mut-
PIK3CA-3’UTR (Figure 4B). The correlation 
between miR-363-3p and PIK3CA was further 
examined by evaluating PIK3CA expression  
levels in TPC-1 cells after overexpression of 

Figure 2. MiR-363-3p overexpression suppresses the proliferation of PTC cells. A. TPC-1 cells were transfected with 
miR-363-3p mimic, followed by qRT-PCR detection of miR-363-3p expression at 48 h after the treatment. B, C. 
Cell proliferation and cycle distribution were determined in TPC-1 cells transfected with miR-363 mimic or miR-NC. 
*P<0.05, **P<0.01.
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miR-363-3p. We found that overexpression of 
miR-363-3p inhibited PIK3CA expression on 
mRNA expression and protein expression 
(Figure 4C and 4D). Furthermore, miR-363-3p 
overxpression significantly lowered protein 
expression of PIK3CA downstream protein 
p-PI3K and p-AKT expression, which lead  
to inhibiting PI3K/AKT pathway (Figure 4D). 
Because miRNAs are generally thought to have 
expression patterns that are opposite to that  
of their targets, we next investigated whether 
miR-363-3p expression is inversely correlated 
with PIK3CA expression in PTC. We measured 
the PIK3CA mRNA expression in the same 30 
pairs of PTC tissues and corresponding adja-
cent normal tissues, and found that PIK3CA 
mRNA levels were consistently higher in the 
PTC tissues compared to adjacent normal tis-
sues (Figure 4E). In PTC tissues, PIK3CA tran-
script levels were also found to be inversely  

correlated with miR-363-3p expression by 
Spearman’s rank test (r=-0.554, P=0.001) 
(Figure 4F).

Restoration of PIK3CA reverses miR-363-3p 
suppressed cell proliferation, cycle, migration, 
and invasion of PTC cells

To investigate whether the regulation of cell 
proliferation, migration and invasion of PTC 
cells by miR-363-3p is executed through a 
PIK3CA-dependent manner, we co-transfected 
TPC-1 cells with miR-363-3p mimic and the 
PIK3CA-overexpression plasmid. Compared 
with cells transfected with miR-363-3p mimic, 
the cells transfected with both miR-363-3p 
mimic and the PIK3CA-overexpression plasmid 
exhibited a higher expression on mRNA level 
and protein level (Figure 5A and 5B), suggest-
ing that miR-363-3p-resistant PIK3CA is suffi-

Figure 3. MiR-363-3p overexpression suppresses the migration and invasion of PTC cells. A. Cell migration was 
determined by wound healing assay in TPC-1 cells transfected with miR-363-3p mimic or miR-NC. B. Cell invasion 
was determined by transwell invasion assay in TPC-1 cells transfected with miR-363-3p mimic or miR-NC. *P<0.05, 
**P<0.01.
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Figure 4. PIK3CA is a target gene of miR-363-3p. A. Conservation of the miR-363-3p-targeting sites in the PIK3CA-
3’UTR and its mutant sequence that abrogates miR-363-3p binding to target mRNA. B. Luciferase reporter assays 
were performed using TPC-1 cells co-transfected with the miR-363-3p mimic or miR-NC and PIK3CA-Wt-3’-UTR or 
PIK3CA-Mut-3’-UTR reporter plasmid. C. QRT-PCR was used to measure PIK3CA mRNA expression in TPC-1 cells 
transfected with miR-363-3p mimic or miR-NC. Β-actin was used as an internal control. D. Western blotting was 
used to measure PIK3CA, AKT, p-AKT, PIEK, p-PI3K expression in TPC-1 cells transfected with miR-363-3p mimic or 
miR-NC. Β-actin serving as a loading control. E. PIK3CA mRNA expression in 30 cases of PTC and adjacent normal 
tissues were detected by qRT-PCR. Β-actin was used as an internal control. F. Spearman’s correlation analysis was 
used to determine the correlations between the levels of PIK3CA and miR-363-3p in human thyroid cancer (n=30).



RETR
ACTE

D

MiR-363-3p inhibits papillary thyroid carcinoma growth 

155 Am J Cancer Res 2017;7(1):148-158

cient to rescue the suppression. Overexpression 
of PIK3CA was furthermore shown to reverse 
the inhibitory effects of miR-363-3p on cell pro-
liferation, cycle, migration, and invasion in 
TPC-1 cells (Figure 5C-F).

MiR-363-3p suppressed tumor growth in nude 
mice by inhibiting PIK3CA

We next evaluated the biological effects of  
miR-363-3p on thyroid tumorigenesis in a  
PTC xenograft mouse model. TPC-1 cells were 
transfected with miR-363-3p or miR-NC and 
then implanted subcutaneously into nude  
mice. Tumor growth was evaluated at 7 days  
for 35 days. Tumor growth curves showed  
progressive expansion of TPC-1 cells transfect-
ed with miR-NC, while those transfected with 
the miR-363-3p mimic exhibited slower growth 
(Figure 6A). After 5 weeks after cell implanta-
tion, the nude mice was killed, and tumors  
were harvested and weighted. A significant 
decrease in the size and weight of the tumors 
was observed in the miR-363-3p-overexpress-
ing group compared to control group (Figure 6B 

and 6C). Subsequently, the expression levels  
of miR-363-3p and PIK3CA were determined  
in tumor tissues by qRT-PCR and western blot, 
respectively. We found that tumors from the 
miR-363-3p-overexpressing group showed a 
significant increase in miR-363-3p expression 
(Figure 6D), and a decrease in PIK3CA expres-
sion compared to tumors from the miR-NC 
group (Figure 6E).

Discussion

MicroRNAs (miRNAs), a novel class of regulato-
ry molecules, have been documented to play 
crucial roles in thyroid cancer development by 
regulating many cellular events [6, 7]. For 
example, Dong et al reported that miR-141 
inhibited cell proliferation, induced cell apopto-
sis, and decreased migration, invasion in thy-
roid cancer cells, as well as tumor growth in 
nude mice by regulating insulin receptor sub-
strate 2 (IRS2) [16]. Wen et al showed that  
miR-126 functioned as tumor suppressor of 
thyroid cancer by targeting LRP6 regulating 
Wnt/β-catenin signaling pathway [17]. Wang et 

Figure 5. Restoration of PIK3CA reverses miR-363-3p suppressed cell proliferation, cycle, migration, and invasion 
of PTC cells. A, B. PIK3CA expression on mRNA level and protein level was determined in TPC-1 cells transfected 
with miR-363-3p mimic with or without PIK3CA overexpression plasmid. Β-actin serving as a loading control. C-F. 
Cell proliferation, cycle, migration, and invasion were determined in TPC-1 cells transfected with miR-363-3p mimic 
with or without PIK3CA overexpression plasmid by CCK8, flow cytometry, wound-healing, and invasion assays, re-
spectively. *P<0.05, **P<0.01.
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al found that restoration of miR-497 expression 
significantly inhibited proliferation, colony for-
mation, migration and invasion of thyroid can-
cer cells, and suppresses tumor growth in vivo 
by targeting BDNF [18]. Data from the current 
study provide evidence that miR-363-3p 
expression was downregulated in thyroid can-
cer and cell lines, and was negatively associat-
ed with clinical stage and lymph node metasta-
sis. Restoration of expression miR-363-3p in 
PTC cells by transfection with miR-363-3p 
mimic significantly inhibited proliferation, 
migration and invasion, and suppresses tumor 

growth in vivo. These findings together provides 
a new insight into the mechanism of PTC 
progression.

MiR-363-3p, a discovery miRNA, has been 
reported to be downregulate in osteosarcoma 
[19], colorectal cancer [9], larynx cancer [20], 
head and neck cancer [12], breast cancer[13], 
hepatocellular carcinoma[10], renal cancer 
[21] and neuroblastoma [22], suggesting that it 
functions as a tumor suppressor in these malig-
nancies. In contrast, several authors have 
reported that miR-363-3p is upregulated and 

Figure 6. MiR-363-3p suppressed tumor growth in nude mice by inhibiting PIK3CA. A. Tumor growth curves were 
established by measuring tumor volume every 7 days for 35 days after injection. B. Photographs of xenograft tumors 
from nude mice in each treatment group on day 35 after injection. C. Tumor weight isolated from nude mice in each 
treatment group on day 35 after injection. D. Relative miR-363-3p expression in xenograft tumors was determined 
by qRT-PCR. E. PIK3CA protein expression in xenograft tumors was determined by western blot. Β-actin serving as 
a loading control. *P<0.05, **P<0.01.
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functions as an oncogene in prostate cancer 
[23] and gastric cancer [11]. These findings 
highlight the conflicting roles of miR-363-3p in 
different cancers, which may depend on the 
specific tissue and cancer types. Recently a 
study showed that miR-363-3p expression was 
downregulated in thyroid cancer tissues by 
gene expression profiles assay [14]. However, 
the biological role and their underlying molecu-
lar mechanisms remain unclear. The present 
study further confirmed that the expression of 
miR-363-3p was downregulated in PTC cell 
lines and tissues by qPCR assay. Our results 
also showed that lower expression of miR-363-
3p was negative associated with clinical stage 
and lymph node metastasis. Moreover, overex-
pression of miR-363-3p significantly sup-
pressed PTC growth in vitro and in vivo. These 
results suggested that miR-363-3p functioned 
as a tumor suppressor in PTC.

To date, several targets of miR-363-3p have 
been identified, such as SOX4, FBW7, myosin 
1B, Mcl-1 and S1PR1 [9-13]. On the basis of 
bioinformatics analysis, we further predicted 
another miR-363-3p target, PIK3CA, because 
of its known role in promoting tumorigenesis 
and cancer progression [24-26]. PIK3CA, locat-
ed on chromosome 3q26.3 has been reported 
to be upregulated in many types of cancer 
including PTC [27]. Growing evidence has 
shown that PIK3CA overexpression promoted 
cell proliferation, invasion, and inhibited cell 
apoptosis by regulating PI3K/AKT pathway [28-
30]. In the present study, using a dual lucifer-
ase reporter gene system, we confirmed the 
results from the bioinformatic tool, that miR-
363-3p regulates PIK3CA expression at the 
translational and transcriptional levels by tar-
geting its 3’-UTR. MiR-363-3p overexpression 
also inhibited p-PI3K and p-AKT expression, 
which lead to inhibiting PI3K/AKT signal path-
way. Moreover, a significant inverse correlation 
was observed between PIK3CA and miR-363-
3p expression in patients with PTC. Of note, 
overexpression of PIK3CA could abolish the 
inhibitive effect of miR-363-3p on proliferation, 
migration and invasion of PTC. These results 
suggested that miR-363-3p exerted suppres-
sive role in PTC, at least in part, by repressing 
PIK3CA.

Taken together, the present study showed that 
the expression of miR-363-3p was downregu-
lated in PTC cell lines and tissues, and was 

negative associated with clinical stage and 
lymph node metastasis. Moreover, we also 
found that miR-363-3p overexpression inhibits 
thyroid cancer cell proliferation, migration and 
invasion in vitro, as well as suppress tumor 
growth in vivo via directly targeting PIK3CA. 
These results provide new insights into the 
mechanism of thyroid cancer progression, and 
suggest that miR-363-3p might potentially 
serve as therapeutic target for PTC.
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